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including a housing having an inlet, an outlet, and a path between the inlet
and the outlet. The housing has the mass forced into the inlet to move the
mass from the inlet to the outlet. The housing includes a rotating screen adja-
cent the path, with the rotating screen defining one wall of the path. The ro-
tating screen includes a plurality of openings located at the path. Pressure
from mass forced into the inlet presses the mass against the openings of the
rotating screen to thereby force at least a portion of liquid in the mass to pass
through the openings of the rotating screen. The housing has at least one stir-
ring arm extending into the path between the inlet and the outlet, the at least
one stirring arm stirring the mass in the path.



ROTARY FAN PRESS WITH AUGER

[0001]

FIELD OF THE INVENTION

[0002] The present invention concerns a liquid extraction
machine, and more particularly relates to liquid extraction

machines having a rotary fan press.

BACKGROUND OF THE INVENTION

[0003] Apparatus for feeding, compressing, liquid
extraction, washing and chemical treatment of sludge, slurries
or other wet materials are well known. Such equipment finds
particular application in the pulp and paper industry, waste
water treatment, mineral processing, agriculture, food
processing, fisheries, breweries, wineries, chemical
processing, oil and tar sands industry, etc.

[0004] An improved apparatus is desired for feeding,
compressing, ligquid extracting, washing and chemical treating

of the sludge, slurries or cther wet materials.

SUMMARY OF THE INVENTION

[0005] An aspect of the present invention is to provide a
liquid extraction assembly for extracting liquid from a mass
comprising a housing having an inlet and an outlet. The
housing further includes a path between the inlet and the

outlet. The housing is configured to have the mass

CA 2941386 2019-10-01
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forced into the inlet to move the mass from the inlet to
the outlet. The housing includes at least one rotating
screen adjacent the path, with the at least one rotating
screen defining one wall of the path. The at least one
rotating screen includes a plurality of openings located at
the path. Pressure from mass forced into the inlet presses
the mass against the openings of the rotating screen to
thereby force at least a portion of liquid in the mass to
pass through the openings of the at least one rotating
screen. The housing has at least one stirring arm
extending into the path between the inlet and the outlet,
the at least one stirring arm stirring the mass in the
path.

[0006] Another aspect of the present invention is to
provide a method of extracting liquid from a mass
comprising providing a housing having an inlet and an
outlet, providing a path ketween the inlet and the outlet,
forcing mass into the inlet of the housing to move the mass
from the inlet to the outlet, and providing the housing
with at least one screen adjacent the path. The at least
one rotating screen defines one wall of the path. The at
least one rotating screen includes a plurality of openings
located at the path. The method further includes rotating
the at least one screen, pressing the mass agalnst the
openings of the rotating screen to thereby force at least a
portion of liguid in the mass to pass through the openings
of the at least one rotating screen, extending at least one
agtirring arm extending into the path between the inlet and
the outlet, and stirring the mass in the path with the at

least one stirring arm.
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BRIEF DESCRIPTION QF DRAWINGS

[0007] FIG. 1 is a top view of a system for extracting
liquid from a mass of the present invention.

[0008] FIG. 2 is a front view of the system for
extracting liquid from a mass of the present invention.
[0009] FIG. 3 is a side view of the system for extracting
liguid from a mass of the present invention.

[0010] FIG. 4 is a schematic of the system for extracting
ligquid from a mass of the present invention.

[0011] FIG. 5 is an exploded rear perspective view of a
liquid extracticn assembly and a motor assembly of the
system of the present invention.

[0012] FIG. 6 is an exploded cross—-sectional view of the
liquid extraction assembly of the present invention.

[0013] FIG., 6A 1s a cross-—sectional view of a pair of
liquid extraction assemblies and a transfer housing of a
motor assembly of the system of the present invention.
[0014] FIG. 7 1s a cross-—-sectional view of a roltary
screen assembly of the ligquid extraction assembly of the
present invention.

[0015] FIG. 8 is a rear view of an inner housing shell of
the liguid extraction assembly and the motor assembly of
the liquid extraction system of the present invention.
[0016] FIG. 9 is side view of the inner housing shell of
the liguid extraction assembly and the motor assembly of
the liquid extraction system of the present invention.
[0017] FIG. 10 is a first side view of the inner housing
shell of the housing of the liguid extraction assembly of
the present invention.

[0018] FIG. 11 is a second side view of the inner housing
shell of the housing of the liguid extraction assembly of
the present invention.

[00192] FIG. 12 is a side view of a center seal of the

ligquid extraction assembly of the present invention.
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[0020] FIG. 13 is a front view of the center seal of the
ligquid extraction assembly of the present invention.

[0021] FIG. 14 is a first side view of a drive wheel of
the rotary screen assembly of the liquid extraction
assembly of the present invention.

[0022] FIG. 15 is a second side view of a slotted filter
screen and the drive wheel of the rotary screen assembly of
the liquid extraction assembly of the present invention.
[0023] FIG. 16 is a cross—-sectional view of the slotted
filter screen of the present invention.

[0024] FIG. 17 is a side view of the motor assembly, the
inner housing shell, the slotted filter screen, the drive
wheel, the drive shaft and the center seal of the liquid
extraction assembly of the present invention.

[0025] FIG. 18 is a side view of the motor assembly, the
inner housing shell, the rotary screen assembly, the drive
shaft, and the center seal of the liguid exlraction
assembly of the present invention.

[002€] FIG. 19 is an end view of an exit of the liguid
extraction assembly of the present invention in a first
position.

[0027] FIG. 19A is an end view of the exit of the ligquild
extraction assembly of the presenlt invention in a second
position.

[0028] FIG. 19B is a side cross-sectional view of the
exit of the ligquid extraction assembly of the present
invention.

[0029] FIG. 19C is a side cross-sectional view of the
exit of the ligquid extraction assembly of a second
embodiment of the present invention.

[0030] FIG. 19D is an end view of the exikL of a third

embodiment of the liquid extraction assembly of the present

invention.
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[0031] FIG. 19E i1s an end view of the exit of a fourth
embodiment of the liquid extraction assembly of the present
invention.

[0032] FIG. 20 is a side view of a second embodiment of
the center seal of the present invention.

[0033] FIG, 21 is a side view of a second embodiment of
the system for extracting liquid from a mass of the present
invention.

[0034] FIG. 22 is a partial front view of a third
embodiment of the system for extracting liquid from a mass
of the present invention.

[0035] FIG. 23 is a partial exploded front view of a
liguid extraction assembly of the third embodiment of the
system for extracting liguid from a mass of the present
invention.

[0036] FIG. 24 is a side view of a center seal of the
third embodiment of the system for extracting liguid from a
mass of the present invention.

[0037] FIG. 25 is a side view of an inner housing member
of the liquid extraction assembly of the third embodiment
of the system for extracting liquid from a mass of the
present invention.

[0038] FIG. 26 is a partial rear view of the third
embodiment of the system for extracting liquid from a mass
of the present invention.

[0039] FIG. 27 is a side view of an inner housing member
of the liquid extraction assembly of the third embodiment
of the system for extracting ligquid from a mass of the
present invention.

[0040] FIG. 28 1s perspective view of an outside view of
a rotating screen assembly of the third embodiment of the
gsystem for extracting liquid from a mass of the present

invention.
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[0041] FIG. 29 is a perspective view of an inside view of
a rotating screen assembly of the third embodiment of the
system for extracting liquid from a mass of the present
invention.

[0042] FIG. 30 is a cross-—-sectional view of a liguid
extraction press showing use of a charging plate.

[0043] FIG. 31 is a partial front view of a fourth
embodiment of the system for extracting liguid from a mass
of the present invention.

[0044] FIG., 32 is an enlarged view of the fourth
embodiment of the system for extracting liquid from a mass
of the present invention showing a seal, a rotating screen
assembly and a housing of the fourth embodiment of the
system for extracting ligquid from a mass.

[0045] FIG. 32A is an enlarged view of an alternative to
the fourth embodiment of the system for extracting liquid
from a mass of the present invention showing a seal, a
rotating screen assembly and a housing of the fourth
embodiment of the system for extracting liquid from a mass.
[0046] FIG. 33A is a side view of the seal of the fourth
embodiment of the system for extracting liguid from a mass
of the present invention.

[0047] FIG. 33B is a cross—seclional view of the seal of
the fourth embodiment of the system for extracting liquid
from a mass of the present invention.

[0048] FIG. 34 is a partial front view of a fifth
embodiment of the system for extracting liquid from a mass
of the present invention.

[0049] FIG. 35 is an expleoded view of a portilon of the
fifth embodiment of the system for extracting liquid from a
mass of the present invention of FIG. 34.

[0050] FIG. 36 is a perspective view of a divided wall of
the fifth embodiment of the system for extracting liquid

from a mass of the present invention in a closed position.
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[0051] FIG. 37 is a perspective view of a divided wall of
the fifth embodiment of the system for extracting ligquid
from a mass of the present invention in a closed position.
[0052] FIG. 38 is a partial front perspective view of a
sixth embodiment of the system for extracting liquid from a
mass of the present invention.

[CO053] FIG. 39 is a partial side wview of the sixth
embodiment of the system for extracting liquid from a mass
of the present invention.

[0054] ¥F1G, 40 is a close—up view of an inlet to an
inflatable tube of the sgsixth embodiment of the system for
extracting liquid from a mass of the present invention.
[0055] FIG. 41A is a side view of the seal of the sixth
embodiment of the system for extracting ligquid from a mass
of the present invention.

[0056] FIG. 41B is a cross—sectional view of the seal of
the sixth embodiment of the system for extracting liquid
from a mass of the present invention.

[G057] FIG. 42 is a side view of a liquid extraction
assembly of the sixth embodiment of the system for
extracting liquid from a mass of the present invention with
the walls removed.

[0058] FIG., 43 is a first close-up upper perspective view
of the liguid extraction assembly of the sixth embodiment
of the system for extracting liquid from a mass of the
present invention.

[0059] FIG. 44 is a close-up upper front view of the
liguid extraction assembly of the sixth embodiment of the
system for extracting liguid from a mass of the present
invention.

[0060] FIG. 45 is a second close-up upper perspective
view of the liguid extraction assembly of the sixth
emboediment of the system for extracting licguid from a mass

of the present invention.
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[0061] FIG. 46 is a first partial side view of the ligquid
extraction assembly of the sixth embodiment of the system
for extracting liquid from a mass of the present invention
showing a center seal with scraper grooves.

[0062] FIG. 47A is a side view of a center seal with
scraper grooves of the liquid extraction assembly of the
sixth embodiment of the system for extracting ligquid from a
mass of the present invention.

[0063] FIG. 47B is an end view of a center seal with
scraper grooves of the liquid extraction assembly of the
sixth embodiment of the system for extracting ligquid from a
mass of the present invention.

[C064] FIG. 48 is a first partial side view of the liquid
extraction assembly of the sixth embodiment of the system
for extracting liquid from a mass of the present invention
showing a nozzle.

[0065] FIG. 49 is a top perspective view of the nozzle of
the liquid extraction assembly of the sixth embodiment of
the system for extracting liguid from a mass of the present
invention.

[006€] F'iG. 50 is a side view of the nozzle of the ligquid
extraction assembly of the sixth embodiment c¢f the system
for extracting liquid from a mass of the present invention.
[0067] FIG. 51 is an outlet wview of the nozzle of the
liguid extraction assembly of the sixth embodiment of the
system for extracting liquid from a mass of the present
invention.

[0068] FIG. 52 i1s an inlet view of the nozzle of the
liquid extraction assembly of the sixth embodiment of the
system for extracting liquid from a mass of the present
invention.

[0069] FIG. 53 is a side cross—-sectional view of a
seventh embodiment of the system for extracting liquid from

a mass of the present invention,
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[0070] FIG. 54 is a perspective view of an auger assembly
of the seventh embodiment of the system for extraclting
liquid from a mass of the present invention.

[0071] FIG. 55 is a side cross—sectional view of an
eighth embodiment of the system for extracting liguid from
a mass of the present invention.

[0072] FIG. 56 is a perspective view of a center seal of
the eighth embodiment of the system for extracting liquid
from a mass of the present invention.

[0073] FIG. 57 is a side view of the center seal of the
eighth embodiment of the system for extracting liquid from
a mass of the present invention.

[0074] FIG. 58 is a front view of a center seal of the
eighth embodiment of the system for extracting liquid from
a mass of the present invention.

[0075] FIG. 59 is a side view of a left side portion of
the center secal of the eighth embodiment of the system for
extracting liguid from a mass of the present invention.
[0076] FIG. 60 is a side view of a center portion of the
center seal of the eighth embodiment of the system for
extracting liquid from a mass of the present invention.
[0077] FIG. 61 is a side view of a center extension
portion of the center seal of the eighth embodiment of the
system for extracting ligquid from a mass of the present

invention.

DETAILED DESCRIPTION QOF PREFERRED EMBODIMENTS

foo78] For purposes of description herein, the terms
“upper,” “lower,” “right,” “left,” “rear,” “front,”
“yertical,” “horizontal,” and derivatives thereof shall
relate to the invention as orientated in ¥FIG. 1. However,
it is to be understood that the invention may assume
various alternative orientations, except where expressly

specified to the contrary. It is also te be understocd



that the specific devices and processes illustrated in the
attached drawings, and described in the following
specification are simply exemplary embodiments of the inventive
concepts defined in the appended claims. Hence, specific
dimensions and other physical characteristics relating to the
embodiments disclosed herein are not to be considered as
limiting, unless expressly stated otherwise.

[0079] The present invention relates to an apparatus and
method for extracting liquid from a humid mass (e.g., sludges
and slurries), as those used or produced in the pulp and paper
industry, waste water treatment plants, agricultural, food and
beverage industries, etc. The apparatus and method according to
the present invention operate on the same basic extraction
principle as the system and method described in U.S. Patent No.
4,534,868. The present invention is used to remove a portion of
liquid from the humid mass to produce a waste solid that is
easy to dispose.

[0080] The reference number 10 (FIGS. 1-4) generally
designates a system for extracting liquid from a mass. The
illustrated system 10 for extracting liquid from a mass
comprises a platform 12 having an upper surface 14, a system
mass input 16, a polymer feeding and blending system 18 on the
upper surface 14, a liquid extraction assembly 40 on the upper
surface 14, and piping 22 having a first section 24 between the
system mass input 16 and the polymer feeding and blending
system 18, and a second section 26 between the polymer feeding
and blending system 18 and the liquid extraction assembly 40.
The system 10 is configured to have mass inputted into the
system mass input 16, transport the mass to the polymer feeding
and blending system 18 through the first section 24 of the
piping 22, inject polymer into the mass in the polymer feeding

and

10
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blending system 18, and transport the mass from the polymer
feeding and blending system 18 to the liquid extraction
assembly 40. Pressure from mass forced into the liquid
extraction assembly 40 forces liquid in the mass to exit
the mass. In the illustrated embodiment, the liquid
extraction assembly 40 comprises a pair of liguid
extraction presses 1l1. However, it is contemplated that
the liquid extraction assembly 40 of the present invention
could use any number {including only one) of the liquid
extraction presses 11 asgs described in more detaill below.
[0081] In the illustrated embodiment, the system 10 can
either include a source of mass (as shown schematically in
¥I1G., 4) or be configured to be connected to a source of
mass {as 1llustrated in FIG. 1}). The mass is preferably a
humid mass (e.g., sludges and slurries). As stated above,
the mass can be that used or produced in the pulp and paper
industry, waste water treatment plants, agricultural
industries, food and bheverages industries, etc. The system
10 of the present invention removes at least a portion of
the liquid in the mass. In the illustrated embodiment, the
system 10 is portable and can be directly brought to the
pulp and paper industry, waste water treatment plants,
agricultural industry, food and beverages industries, etc.
for use at those locations. The system mass input 16 is
configured to be connected to a hose that Lransports the
mass to the system 10 from the source of mass. Preferably,
the system 10 is located on the platform 12 that has an
upper surface 14 smaller than 72 square feet to provide a
compact and easily movable system. However, several of the
inventive features disclosed herein can be used in a
stationary and fixed system. In a stationary and fixed
system, the source of mass can comprise a tank 21 (see FIG.
4} having the mass therein, with the tank 21 communicating

with the system mass input 16.

11
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[00B2] The illustrated system 10 preferably includes a
mass feed pump 27 for assisting in drawing the mass from
the source of mass through the hose or from the tank 21.
The mass feed pump 27 also provides pressure to the mass to
assist in moving the mass through the piping 22 and into
and through the liquid extraction assembly 40. Mass feed
pumps 27 are well known to those skilled in the art. After
passing through the mass feed pump 27, Lthe mass 1s Led into
the polymer feeding and blending system 18. The polymer
feeding and blending system 18 is configured to be
connected to a water supply 29 for mixing water with
polymer in the polymer feeding and blending system 18. In
the illustrated example, the system 10 includes a fitting
31 for connecting to a water supply for supplying the
polymer feeding and blending system 18 with the water. The
polymer feeding and blending system 18 includes an
injection area 28 connected to the first section 24 and the
second section 26 of the piping 22 and defines a transition
from the first section 24 to the second section 26. After
the water is mixed with the polymer, a combination of the
water and polymer is injected into the injection area 28
for mixing with the mass from the first section 24 before
the mass is moved Lo the second section 26 of the piping
22. The polymer feeding and blending system 18 and the
polymer used therein are well known to those skilled in the
art. The polymer is preferably a conventional known
polymer flocculent, such as a polyacrylamide. However, it
is contemplated that the system 10 could be used without an
added polymer and withoul the polymer feeding and blending
system 18. For example, a mass such as grinding swarf
could be deligquidified using the system 10 without a
polymer.

[0083] In the illustrated example, once the mass is moved

to the second section 26 of the piping 22, the mass is

12
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thoroughly mixed with the combination of polymer and water
in an adijustable mix valve 30 in the second section 26 of
Lhe piping 22. The second section 26 of pilping 22
preferably includes a first portion 32 extending vertically
upwards from the mix wvalve 30 to a top of the second
section 26 of the piping 22. The second section 26 of the
piping 22 also includes a second portion 34 comprising a
plurality of horizontal rows 36 of pipes, with each row 36
connected at one end teo the row 36 above and at another end
at the row 36 below. The second portion 34 of the second
saction 26 of the piping 22 is connected to the liguid
extraction assembly 40, wherein the mass is fed into the
liquid extraction assembly 40. In the illustrated
embodiment, the second section 26 of the piping 22 includes
a mass bypass tube 38 having a selectively opening wvalve
for allowing the mass in the second section 26 of the
piping 22 to bypass the liquid extraction assembly 40. It
is contemplated that the mass taken out of the second
section 26 of the piping 22 could be reinserted into the
system 10 by placing the mass taken out of the second
section 26 into the source of mass or directly or
indirectly into the system mass input 16. Likewise, the
second section 26 of the piping 22 can include an
extraction valve for each liguid extraction press 11 of the
liguid extraction assembly 40 for selectively allowing the
mass in the second section 26 to be fed into one or more of
the liquid extraction presses 11. FIG. 4 illustrates a
schematic representation of the system 10. As shown
schematically in FIG. 4, the system 10 can include at least
one conveyor 35 for accepting the solid portion of the mass
exiting one or more of the liquid extraction assemblies 40
to move the mass to a disposal or collecting device (not

shown) .
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[0084] In the illustrated example, the liquid extraction
assembly 40 accepts the mass from the piping 22 and outputs
a solid and the at least a portion of the liquid. The
liguid extraction assembly 40 of the present invention
includes a pair of liquid extraction presses 11 connected
to a motor assembly 44. In the illustrated example, the
system 10 of the present invention comprises a pair of
licquid extraction presses 11 that share the motor assembly
44. However, it is contemplated that only one liguid
extraction press 11 could be used or that each liguid
extraction press 11 could have its own motor assembly 44.
Furthermore, the system 10 can include any number of liquid
extraction presses 11.

[0085] The illustrated motor assembly 44 powers the
liquid extraction presses 1l1. The motor assembly 44
includes an upright motor 51, a transfer housing 53 and a
support 55. The support 55 extends upwardly from the
platform 12 between the ligquid extraction presses 11. The
upright motor 51 includes a vertical rotary output shaft
(not shown) that extends into the transfer housing 53. The
transfer housing 53 transmits the rotary motion of the
vertical rotary output shaft of the upright motor 51 to a
horizontal motor assembly output shaft 57 (see FIG. 6A) in
a manner well known to those skilled in the art (e.g., a
worm gear or any other means). The motor assembly output
shaft 57 includes a first end 65 Lhal exlends into a first
one of the liguid extraction presses 11 and a second end 589
that extends into a second one of the liquid extraction
presses 11. As illustrated in FIGS. 5 and 6A, the first
end 65 and the second end 59 of the motor assembly output
shaft 57 each include a cylindrical portion 61 and a key
flange 63 extending along a longitudinal surface of the
cylindrical portion 61. The first end 65 and the second

end 59 of the motor assembly ocutput shaft 57 power the
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liquid extraction presses 11 as described in more detail
below.

[0086] As illustrated in FIG. 5, 6 and 6A, each liquid
extraction press 11 comprises a housing 42 including an
outer housing shell 46 and an inner housing shell 48. The
inner housing shell 48 (FIGS. 5, 6 and 8-11) includes a
circular base wall 52, a tubular wall 54 extending from the
base wall 52 and a peripheral flange 56 extending from the
tubular wall 54 opposite the base wall 52. The circular
base wall 52 includes a drive shaft opening 50 centrally
located therein and a plurality of fastener openings 58
surrounding the drive shaft opening 50. The fastener
openings 58 are configured to accept fasteners therein to
connect the inner housing shell 48 to the motor assembly
44. The edge between the base wall 52 and the tubular wall
54 includes three sanitary holes 60 for allowing a cleaning
fluid to be injected into the inner housing shell 48 when
the liquid extraction assembly 40 1s constructed to clean
the liquid extraction assembly 40 as discussed below.
Although three sanitary holes ©0 are shown, any number of
sanitary holes 60 could be employed. The sanitary holes 60
can be plugged during normal use of the liquid extraction
"assembly 40 or opened to allow water or other cleaning
fluid te be injected into the liquid extraction assembly 40
to clean the liguid extraction assembly 40. It is
contemplated that the sanitary holes 60 cculd have a
threaded outer surface for connection to a common garden
hose. The tubular wall 54 further includes a filtrate
drain 62 located at a bottom of the tubular wall 54. The
filtrate drain 62 allows the liquid extracted from the mass
and any cleaning fluid injected into the liguid extraction
assembly 40 to exit the liquid extraction assembkly 40. The
peripheral flange 56 of the inner housing shell 48 includes

a circular portion 64, a bottom extending lip portion 66
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and a nose portion 68. The bottom extending lip portion 66
and the nose portion 68 define an open mouth 70. As
explained in more detail below, the open mouth 70 is
configured to have a movable side wall 72 (see FIGS. 12 and
18a) inserted therein. The circular portion 64, the bottom
extending lip portion 66 and the nose portion 68 all
include a plurality of connection openings 74 for
connecting a center seal 76 (described below)} and the outer
housing shell 46 to the inner housing shell 48. The inner
housing shell 48 and the outer housing shell 46 are
substantially a mirror image of each other (except that the
outer housing shell 46 does not include the drive shaft
opening 50, the mouth 70 and other details noted below).
[008'7] In the illustrated example, the outer housing
shell 46 includes a circular base wall 52', a tubular wall
547 extending from the base wall 527 and a peripheral
flange 56’ extending from the tubular wall 54’ opposite the
base wall 527/, The circular base wall 52f can include a
window 78 centrally located therein for viewing an interior
of the liguld extraction assembly 40. The edge between
the base wall 52’ and the tubular wall 54’ includes three
sanitary holes 60’ for allowing a cleaning fluid to be
injected into the inner housing shell 48 when the liquid
extraction assembly 40 is constructed to clean the liquid
extraction assembly 40 as discussed below. Although three
sanitary holes 60’ are shown, any number of sanitary holes
60’ could be employed. The sanitary holes 60’ can be
plugged during normal use of the liquid extraction assembly
40 or opened to allow water or other cleaning fluid to be
injected into the liquid extraction assembly 40 to clean
the liquid extraction assembly 40. The tubular wall 547
further includes a filtrate drain 62’ located at a bottom
of the tubular wall 54’. The filtrate drain 62' allows the

liguid extracted from the mass and any cleaning fluid
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injected into the liquid extraction assembly 40 to exit the
liquid extraction assembly 40. The peripheral flange 56’
of the inner housing shell 48’ includes a circular portion
647 and an extension portion 80 extending from the circular
portion 647, The extension portion 80 has a peripheral
shape substantially identical to the bottom extending 1lip
portion 66, the nose portion 68 and the open mouth 70 of
the inner housing shell 48. The circular portion 64 and
the extension portion 80 include a plurality of connection
openings 74’ corresponding to the connection openings 747
of the inner housing shell 48 for connecting the center
seal 76 (described below) and the inner housing shell 48 to
the outer housing shell 46.

[0088] The illustrated center seal 76 (FIGS. 5, 6, 6A, 12
and 13) is positioned between the inner housing shell 48
and the outer housing shell 46 and defines an upper and
lower boundary of the mass traveling through one of the
liguid extraction presses 11 of the liquid extraction
assembly 40. The center seal 76 also defines the inlet and
the ocutlet for the sludge through the liquid extraction
press 11. The center seal 76 includes an outer C-shaped
portion 82, a scraper portion 84, a first inlet plate 86
and a second inlet plate 88. The outer C-shaped portion 82
includes an inlet extension 90 and an cutlelt extension 92.
The inlet extension 90 includes a palr of grooves 94
configured to accept a top edge of the first inlet plate 86
and the second inlet plate 88. The outlet extension 92 of
the outer C-shaped portion 82 includes an angled top
surface 96. The scraper portion 84 1s located between the
outlet extension 92 and the inlet extension 290 of the outer
C—-shaped portion 82. The scraper portion 84 includes an
inner annular face 98 having a scraping tip 100, a top face
102, a bottom face 104, a pair of side faces 106, and an

end face 108 opposite to the inner annular face 98. A pair
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of upper grooves 110 in the pailr of side faces 106 are
configured to accept a bottom edge of the first inlet plate
86 and the second inlet plate 88. The bottom face 104 of
the scraper portion 84 and the angled top surface 96 of the
outlet extension 92 of the outer C-shaped portion 82 define
a top and bottom surface for the ocutlet of the solid
portion of the sludge that tapers outwardly. It is
contemplated that at least one of the side wall 72 and the
extension portion 80 could comprise a selectively
actuatable constriction plate as discussed below. The
outer C-shaped portion 82, the scraper portion 84, the
first inlet plate 86 and the second inlet plate 88 each
include connection openings 122 for connecting the center
seal 76 to the inner housing shell 48 and the outer housing
shell 46 as described below.

[0089] In the illustrated example, a rotary screen
assembly 200 (FIG. 7) surrounds the center seal 76 and
assists in removing the liquid portion from the sludge.

The rotary screen assembly 200 includes a first side drive
wheel 202, a first side slotted filter screen 204, a center
hub/spacer 206, a second side slotted filter screen 208 and
a second side drive wheel 210. The first side drive wheel
202 and the second side drive wheel 210 are preferably
identical, but in an opposite orientation. Likewise, the
first side slotted filter screen 204 and the second side
slotted filter screen 208 are preferably identical, but in
an opposite orientation.

[0090] The illustrated first side drive wheel 202 and the
second side drive wheel 210 (FIGS. 5-7) each include an
outer rim 212, a plurality of spokes 214 and an inner rim
assembly 216. The outer rim 212 is substantially circular
and ilncludes an inner periphery notch 213. The plurality
of spokes 214 each includes an inner edge 215, an outer

edge 217, and inside end 212 and an outside end 221. An
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outer rim notch 223 is located at the intersection of the
inner edge 215 and the outside end 221. The outer rim 212
is located in the outer rim notch 223. The spokes 214 also
include an inner rim notch 225 located at the intersection
of the inner edge 215 and the inside end 219. The inner
rim assembly 216 comprises an inner annular plate 218 and a
tubular drive shaft member 220. The inner annular plate
218 is located in the inner rim notch 225 of the spokes
214. The inner annular plate 218 includes a base portion
227 and a circular extension member 229 defining a center
spacer/hub support notch 231 located outside of the
circular extension member 229 and on a surface of the base
portion 227 from which the circular extension member 229
extends. The base portion 227 of the inner annular plate
218 also includes a rear notch 233 having the tubular drive
shaft member 220 therein. The inner annular plate 218 and
the tubular drive shaft member 220 define a drive shaft
opening 235 for accepting the first end 65 or the second
end 59 of the motor assembly output shaft 57 therein. The
key flange 63 of the first end 65 or the second end 59 of
the motor assembly output shaft 57 is accepted into a drive
shaft notch 237 of the drive shaft opening 235 to ensure
that the tubular drive shaft member 220 and the inner
annular plate 218 rotate with the motor assembly output
shaft 57.

[C051] In the illustrated example, the first side slotted
filter screen 204 and the second side slotted filter screen
. 208 (FIGS. 5-6A, 15 and 16) each include an outer rxim 205,
a face 207 having a plurality of slots 209 and an inner hub
230, It is contemplated that the slotted filter screens
could be made by connecting a plurality of wires to the
outer rim 205 and the inner hub 230, thereby defining the
slots 209. Alternatively, it is contemplated that the
slotted filter screens 204 and 208 could be made by etching
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(for example, using water or another liguid) slots into an
annular plate, thereby forming the outer rim 205, the face
207 having the plurality of slots 209 and the inner hub
230. The slotted filter screens 204 and 208 can also
include a plurality of support bars 232 extending between
the cuter rim 205 and the inner hub 230 for supporting a
rear side of the face 207 having the plurality of slots 209
therein. The slots 209 allow for a high filtration area
over the slotted filter screens 204 and 208 compared to a
perforated plate of the pricr art, thereby providing a
higher solid capture rate and easier cleaning. The spokes
214 of the first side drive wheel 202 and the second side
drive wheel 210 abut against the support bars 232 of the
slotted filter screens 204 and 208. It is contemplated
that the slotted filter screens 204 and 208 could have any
diameter, including 24 and 36 inches. The slots 209
preferably extend from a first point on the circumference
of the slotted filter screens 204, 208 to a second point on
the circumference of the slotted filter screens 204, 208
(with a possible interruption if the slots cross the center
of the slotted filter screens 204, 208). As illustrated in
FIG. 16, the slots 209 preferably have a triangular shape,
with the larger end of the slots 209 abutting against the
mass as the mass moves through the liquid extraction
assembly 40.

[0092] The illustrated liquid extraction assembly 40 is
assembled by connecting the liquid extraction presses 11 to
the motor assembly 44. TIn the discussion below, only the
connection of one liquid extraction press 11 to the motor
assembly 44 will be described. However, any remaining
liguid extraction presses 11 can be connected to the motor
assembly 44 in a similar manner. In connecting the liguid
extraction press 11 to fthe motor assembly 44, the first

step 1s to connect the inner housing shell 48 to the motor
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assembly 44 as illustrated in FIGS. 8 and 2., The inner
housing shell 48 is connected to the motor assembly 44 by
first placing an annular cap 114 (see FIGS. 6 and 6A) over
the second end 59 of the motor assembly output shaft 57 and
connecting the annular cap 114 to the transfer housing 53
of the motor assembly 44. The second end 59 of the motor
assembly output shaft 57 is then inserted through the drive
shaft opening 50 of the inner housing shell 48. The inner
housing shell 48 is then connected to the motor assembly 44
by inserting fasteners 116 through the fastener openings 58
in the base wall 52 of the inner housing shell 48 and into
the annular cap 114 (which is connected to the transfer
houging 53). As illustrated in FIGS. 6 and 6A, a seal 118
is located between the motor assembly output shaft 57 and
the drive shaft opening 50 of the inner housing shell 48.
[0093] After the inner housing shell 48 has been
connected to the motor assembly 44, the first side drive
wheel 202 of the rotary screen assembly 200 is slid onto
the second end 59 of the motor assembly output shaft 57.
The first side drive wheel 202 1s slid onto the motor
assembly output shaft 57 by inserting the second end 59 of
the motor assembly output shaft 57 into the drive shaft
opening 235 of the inner annular plate 218 and the tubular
drive shaft member 220 of the first side drive wheel 202,
with the key flange 63 of the second end 59 of the motor
assembly output shaft 57 being inserted into the drive
shaft notch 237 of the drive shaft opening 235 as discussed
above. 'l'hereafter, the center hub/spacer 206 is placed
around circular extension member 229 of the inner rim
assembly 216 of the first side drive wheel 202, The first
side slotted filter screen 204 is then placed over the
cenlber hub/spacer 206 by inserting the center hub/spacer
206 within an opening 120 defined by the inner hub 230 of
the first side slotted filter screen 204. Once the first
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side slotted filter screen 204 is fully slid over the
center hub/spacer 206, the first side slotted filter screen
204 will abut against the inner edges 215 of the spokes 214
of the first side drive wheel 202 and be located between
the inner periphery notch 213 of the first side drive wheel
202 and the center hub/spacer 206. When the first side
drive wheel 202 and the first side slotted filter screen
204 are fully connected to the motor assembly output shaft
57 as described directly above, the first side drive wheel
202 and the first side slotted filter screen 204 will be
located within the inner housing shell 48.

[0084] After the first side drive wheel 202, the first
side slotted filter screen 204 and the center hub/spacer
206 are assembled as described directly above, the center
seal 76 is positioned against the peripheral flange 56 of
the inner housing shell 48 as shown in FIG. 17. The center
seal 76 is positioned such that the connection openings 122
of the center seal 76 are aligned with the connection
openings 74 of the inner housing shell 48. Furthermore,
the outside surface of the center hub/spacer 206 will abut
the inner annular face 98 of the scraper portion 84 of the
center seal 76 as illustrated in FIG. 12. Thereafter, the
sccond side slotted filter screen 208 is slid onto the
center hub/spacer 206 by inserting the center hub/spacer
206 within an opening 120 defined by the inner hub 230 of
the second side sliotted filter screen 208, The second
side filter screen 208 is then connected to the liquid
extraction press 11 by inserting the second end 59 of the
motor assembly output shaft 57 through the drive shaft
opening 235 of the i1nner annular plate 218 and the tubular
drive shaft member 220 of the second side drive wheel 210,
with the key flange 63 of the second end 592 of the motor
assembly output shaft 57 belng inserted into the drive
shaft notch 237 of the drive shaft opening 235 as discussed
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above. Furthermore, the circular extension member 229 is
inserted into the center hub/spacer 206 and the second side
slotted filter screen 208 will abut against the inner edges
215 of the spokes 214 of the second side drive wheel 210
and be located between the inner periphery notch 213 of the
second side drive wheel 210 and the center hub/spacer 206.
Additionally, a plurality of fasteners 124 are inserted
through openings in the inner rim assemblies 216 of the
first side drive wheel 202 and the second side drive wheel
210 as illustrated in FIGS. 6 and 6A to assembly the rotary
screen assembly 200. The assembly of the liquid extraction
press 11 up to this point is illustrated in FIG. 18.
Finally, the outer hcusing shell 46 is abutted against the
center seal 76 and the connection openings 74’ of the outerx
housing shell 46 are aligned with the connection openings
122 in the center scal 76 and the connection openings 74 in
the inner housing shell 48, and fasteners 126 are inserted
through the connection openings 74, 74’ and 122 to connect
the inner housing shell 48, the center seal 76 and the
outer housing shell 46. While a particular assembly
procedure has been outlined above, it is contemplated that
the liquid extraction assembly 40 could be assembled in any
manner. For example, the rotary screen assembly 200 can be
assembled as a unitary piece before being connected to the
housing 42 of the liguid extraction assembly 40.
Furthermore, it is contemplated that the liguid extraction
assembly 40 could include a T-shaped seal 45 located
between the outer housing shell 46 and the second side
drive wheel 210 and between the inner housing shell 48 and
the first side drive wheel 202 as illustrated in FIGS. 5-
6A, with the T-shaped seals 45 being wedged between the
center seal 76, the tubular wall 54, the first side drive
wheel 202 and a stop 49 extending from the tubular wall 54

on one side and between the center seal 76, the tubular
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wall 547, the second side drive wheel 210 and a stop 49
extending from the tubular wall 54 on the other side.

[0085] Once the liguid extraction press 11 is assembled
as described above, the mass will have a path through the
ligquid extraction press 11 defined by the center seal 76,
the first side slotted filter screen 204, the second side
slotted filter screen 208, the center spacer/hub 206, the
extension 80 of the outer housing shell 46 and the side
wall 72. As shown in FIGS. 19 and 19A, the side wall 72 is
located within the open mouth 70 defined by the bottom
extending lip portion 66 and the nose portion 68 of the
inner housing shell 48. The side wall 72 is hinged at 134
to a rear portion 130 of the open mouth 70 (see FIGS. 1 and
9-11)., The side wall 72 has an air bellows 132 connected
to an couter face thereof to rotate the side wall 72 about
the hinge 134. In a fully closed position as shown in FIG.
19, the side wall 72 i1s substantially parallel to the
extension 80 of the outer housing shell 46. However, the
air bellows 132 can be activated to rotate the side wall 72
about the hinge 134 to widen the exit of the liquid
extraction press 11 as shown in FIG. 18A. Therefore, the
mass enters intce the liquid extraction press 11 through a
liguid extraction assembly inlel defined by the inlet
extension 90, the first inlet plate 86, the second inlet
plate 88 and the top face 102 of the scraper portion 84 of
the center seal 76. The mass then moves towards a rear of
the center seal 76 and around the center hub/spacer 206 in
a path defined by the inner surface of the outer C-shaped
portion 82 of the center seal 76, first side slotted filter
screen 204, the second side slotted filter screen 208 and
the center spacer/hub 206. Finally, the mass exits the
ligquid extraction assembly through a liguid extraction
assenmbly exit defined by the bottom face 104 of the scraper
portion 84 of the center seal 76, the angled top surface 96
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of the cutlet extension 92, the extension 80 of the outer
housing shell 46 and the side wall 72.

[008€] In use, the mass enters the liquid extraction
assembly 40 through the inlet and is forced around the
center hub/spacer 206. While the center seal 76 and the
housing 42 are fixed in position, the rotary screen
assembly 200 will rotate with the motor assembly output
shaft 57 as described above. The pressure of the mass in
the piping 22 will force the sludge through the liguid
extraction assembly 40 towards the outlet of the liguid
extraction assembly. However, as the sludge is moving
through liquid extraction assembly 40, the slotted filter
screens 204, 208 on either side of the mass will remove the
liguid portion from the sludge as described in U.S. Patent
No. 4,534,868. As the slotted filter screens 204, 208
remove the liquid portion from the sludge, the liquid falls
down through a pair of areas 180 (see FIG. 6A) between the
rotary screen assembly 200 and each of the inner housing
shell 48 and the outer housing shell 46. The ligquid then
exits the housing 42 through the filtrate drains 62.
Furthermore, as illustrated in FIG. 2, the filtrate drains
62 can be connected to a liquid exit tube 190 adapted to be
connected to a further liguid exit element for disposing of
the ligquid. Therefore, the liguid portion will flow
through the slotted filter screens 204, 208 and down
through the filtrate drains 62, 62’ of the outer housing
shell 46 and the inner housing shell 48, respectively. As
the mass moves in the circular path within the liquid
extraction assembly 40, the scraping tip 100 of the
scraping portion 84 of the center seal 76 will scrape the
mass off of the center hub/spacer 206 and move the mass to
the outlelt of Lhe liguid extraction assembly 40. As the
mass moves towards the outlet of the liguid extraction

assembly 40, the mass will mostly (if not almest all or
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all) comprise the solid portion of the sludge to form the
cake. Since the mass cake discharge zone tapered outward
as described above, rather than straight, the sludge cake
can be better controlled and bridging and/or binding of the
sludge cake will be reduced.

[0097] In the illustrated example, the ligquid extraction
assembly 40 includes several features for cleaning the
interior of the liquid extraction presses 11, the first
side slotted filter screen 204 and the second side slotted
filter screen 208, First, the scraper portion 84 of the
center seal 76 includes a plurality of inlet scrapers 140
(see BFIG. 12) extending upward from the side faces 106 of
the scraper portion 84. The inlet scrapers 140 abut
against the inside faces of the first side slotted filter
screen 204 and the second side slotted filter screen 208 as
the first side slotted filter screen 204 and the second
side slotted filter screen 208 rotate past the inlet
scrapers 140, thereby scraping the inside faces of the
first side slotted filter screen 204 and the second side
slotted filter screen 208 as they rotate past the inlet
scrapers 140. Second, the scraper portion 84 of the center
seal 76 includes a plurality of cake scrapers 142 (see FIG.
12) extending outward from the side faces 106 of the
scraper portion 84. The cake scrapers 142 abut against the
inside faces of the first side slotted filter screen 204
and the second side slotted filter screen 208 as the first
side slotted filter screen 204 and the second side slotted
filter screen 208 rotate past the inlet scrapers 140,
thereby scraping the inside faces of the first side slotted
filter screen 204 and the sccond side slotted filter screen
208 as they rotate past the scraper portion 84 of the
center seal 76. Third, the scraper portion 84 of the
center seal 76 includes a pair of wash nozzles 144 in the

side faces 106 of the scraper portion 84. The scraper
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portion 84 includes a bore 146 through the scraper poxrtion
84, with a washer fluld inlet 148 in the end face 108 of
the scraper portion 84 (see FIG. 13). As illustrated in
FIGS. 2 and 3, water entering the water supply 289 can also
be directed to the washer fluid inlet 148 in the scraper
portion 84 and then into the bore 146. The water is then
ejected out of the bore 146 through the wash nozzles 144 in
the side faces 106 of the scraper portion 84, thereby
cleaning the first side slotted filter screen 204 and the
saecond side slotted filter screen 208 as they rotate past
the scraper portion 84. It is therefore contemplated that
the nozzles 144 can wash and clean the first side slotted
filter screen 204 and the second side slotted filter screen
208 during use of the system 10 (i.e., while the mass is
deliguefied). Finally, the entire liquid extraction
assembly can be cleaned by injecting water or a cleaning
fluid into the inner housing shell 48 and the outer housing
shell 46 through the sanitary holes 60’, 60, respectively,
as described above.

[0098] In the illustrated embodiment, the outlet of the
liquid extraction presses 11 includes a top wall defined by
the bottom face 104 of the scraper portion 84 of the center
seal 76, a bottom wall defined by the angled top surface 86
of the outlet extension 92 of the center seal, a first side
wall defined by the extension 80 of the outer housing shell
46 and a second side wall defined by the side wall 72. 1In
the illustrated example, the outlet tapers outwardly
because the top wall of the outlet is horizontal and the
bottom wall tapers outwardly as described above such that
the mass passes from a smaller area to a larger area as Tthe
mass passes through the outlet (see FIG. 19B).

Furthermore, the side walls can either be parallel or have
the side wall 72 taper outwardly as described above. Such

an arrangement is illustrated in FIG. 19B. However, it is
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contemplated that the top wall, the bottom wall, the first
side wall and/or the second side wall of the outlet can
taper outwardly. For example, as illustrated in FIG. 19C,
the bottom face 104 of the scraper portion 84 of the center
seal 76 can taper outwardly, thereby providing the outlet
with a top and bottom outwardly tapering wall.

Furthermore, it is contemplated that the bottom wall of the
outlet could be horizontal and the top wall could taper
outwardly by having the bottom face 104 of the scraper
portion 84 of the center seal 76 taper outwardly.

Moreover, it is contemplated that both side walls of the
outlet can have the side wall 72 as discussed above (with
the outer housing shell 46 including the open mouth 70 and
a seccond side wall 72 therein) such that both of the side
walls of the outlet can be selectively moved to taper
outwardly. Additionally, it is contemplated that the side
wall 72 could only comprise a portion of the side wall of
the ocutlet, with a stationary side wall 72’ being located
under or over the movable side wall 72 as illustrated in
FIG. 19D. Furthermore, it is contemplated that both the
side walls of the outlet could taper outwards in a
direction from the top wall of the outlet to the bottom
wall of the outlet as shown in FIG. 19E such that the
distance between the side walls of the cutlet is smaller at
the top than the bottom of the side walls.

[0099] The reference numeral 76a (FIG. 20) generally
designates another embodiment of the present invention,
having a second embodiment for the center seal. Since
center seal 76a is similar to the previously described
center seal 76, similar parts appearing in FIGS. 12-13 and

FIG. 20, respectively, are represented by the same,

w 2

corresponding reference numnber, except for the suffix “a
in the numerals of the latter. The center seal 76a

includes an inwardly tapering inlet. The inlet of the

28



CA 02941386 2016-08-31

WO 2015/157226 PCT/US2015/024634

housing 18a and the center seal 7T6a tapers outwardly
towards a rear 200 of the inlet such that a beginning 202
of the inlet is smaller than an end 204 of the inlet. A
top of the first inlet plate 86a, the second inlet plate
88a, and the palr of grooves 94a of the inlet extensiocn 920a
will also taper outwardly towards the end 204 of the inlet.
Therefore, in the second embodiment of the center seal 76a,
the pressure of the mass entering the housing 18a will
decrease as the mass enters the inlet. The remainder of
the center seal 76a and the housing 18a can be identical teo
any of the center seals and housings described above.
[00100] The reference numeral 10b (FIG. 21) generally
designates another embodiment of the present invention,
having a second embodiment for the system for extracting
liquid from a mass. 8Since the system 10b is similar to the
previously described system 10, similar parts appearing in
FIGS. 1-1% and FIG. 21, respectively, are represented by
the same, corresponding reference number, except for the
suffix “b” in the numerals of the latter. In the seccond
embodiment of the system 10b, the liquilid extraction presses
11b and everything therein is orientated upside-down, such
that the inlet to the liguid extraction press 1llb is
located below the outlet of the liquid extraction press 1lb
and the mass will move upwardly through the liquid
extraction press 1llb. However, the filtrate drain 62b will
continue to be located at a bottom of the liquid extraction
presses 1llb, such that liquid will continue to be able to
be drained out of the liquid extraction presses 1lb.
Furthermore, the sanitary holes 60b would continue to be
located at a top of the liquid extraction presses 11b.
[00101] The reference number 10c (FIGS. 22-29) generally
designates another empbodiment of the present invention,
having a third embodiment for the system for extracting

liquid from a mass. 8Since the gystem 10c¢ is similar to the
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previously described system 10, similar parts appearing in
FIGS. 1-19 and FIGS. 22-29, respectively, are represented
by the same, corresponding reference number, except for the

c¢” in the numerals of the latter. In the third

suffix ™
embodiment of the system 10c¢, the liguid extraction presses
lic and everything therein is orientated upside-down (as in
the second embodiment of the system 10b), such that the
inlet to the liquid extraction press 1llc is located below
the outlet of the liquid extraction press 1llc and the mass
will move upwardly through the liquid extraction press llc.
However, the filtrate drain 62c will continue to be located
at a bottom of the liquid extraction presses 1lc, such that
liguid will continue to be able to be drained out of the
liquid extraction presses 1lb. Furthermore, the liguid
extraction press 1llc will have a slightly different
configuration as discussed below {(although the liguid
extraction press 1llc will continue to function the same as
the liguid extraction press 1lb). It is noted that FIG. 22
is a partial drawing of the system 10c only showing the
liquid extraction assembly 40c and the motor assembly 44c,
with the remaining elements (the platform, the system mass
input, the polymer feeding and blending system, most of the
piping, etc.) of the system 10c¢ being identical to the
elements of the system 10 as described above.

[00102] In the illustrated example, the ligquid extraction
system llc comprises a housing 42Z2c¢ including an outer
housing assembly 46c and an inner housing assembly 48c.

The inner housing assembly 48c (FIGS. 22, 23, 25, 26 and
27) includes an inner flat base panel 300 and an inner
shell member 302. The inner flat base panel 300 and the
inner shell member 302 have a side view profile that is
substantially C-shaped with a closed end as illustrated in
FIG. 25. The inner flat base panel 300 and the inner shell

member 302 have the same peripheral dimensions. The inner
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flat base panel 300 includes a drive shaft opening 50c
centrally located therein and an opening 304 cconnected to
the filtrate drain 62c¢ (which is therefore extending from a
side of the liquid extraction system 1llc instead of from a
bottom of the liquid extraction system as in the first
embodiment of the system 11). The inner shell member 302
includes a large central opening 306 thereby defining a C-
shaped wall 301 and an end wall 303 in the inner shell
memnber 302. The inner shell member also includes an inner
peripheral groove 308 adjacent the large central opening
306. The inner peripheral groove 308 1s configured to
accommodate an outer flange 310 of the first side drive
wheel 202c. The inner shell member 302 also includes an
upwardly angled groove 312 and a downwardly angled groove
314 in the end wall 303 extending from a center 316 of the
end wall 303. The upwardly angled groove 312 defines a
side wall of the outlet o0f the liquid extraction system 1llc
and the downwardly angled groove 314 defines a side wall of
the inlet of the liquid extraction system llc. The outer
housing assembly 46c is identical of the inner housing
assembly 48c, except that the flat base panel does not
include a drive shaft opening. Additionally, it is
contemplated that the outside housing assembly 46c could
have a window in the flat base panel 300.

[00103] The illustrated center seal 76c (FIG. 22-24) is
positioned between the inner housing assembly 48c¢ and the
outer housing assembly 46c and defines an upper and lower
boundary of the mass traveling through one of the liguid
extraction presses 1lc of the liquid extraction assembly
40c. The center seal 76c also defines the inlet and the
outlet for the sludge through the liquid extraction press
1ilc. The center seal 76c¢ includes an outer C-shaped
portion 82c, a scraper portion 84c, a first inlet plate 86c

and a second inlet plate 88c. The outer C-shaped portion
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82c includes top section 90c and a bottom section 92c¢. The
top section 8%0c includes a pailr of grooves 94c¢c configured
to accept a top edge of the first inlet plate 86c and the
second inlet plate 88c. The top section 20c of the outer
C-shaped portion 82c includes an angled top surface 96c,
The scraper portion 84c is located between the top section
90¢ and the bottom section 9Z2c of the outer C-shaped
portion 82c¢. The scraper portion 84c is identical to the
scraper portion 84 discussed above. The outer C-shaped
poertion 82¢ is preferably made in two parts for easy
shipping and includes a puzzle piece Lype connection 305
for connecting the two parts together (see FIG., 24).

[00104] In the illustrated example, a rotary screen
assembly 200c surrounds the center seal 76c and assists in
removing the liguid portion from the sludge. The rotary
screen assembly 200c includes a first side drive wheel
202¢, a First side slotted filter screen 204c¢, a second
side slotted filter screen 208c and a second side drive
wheel 210c. The first side drive wheel 202c¢ and the second
side drive wheel 210c¢ are preferably identical, but in an
opposite orlentation. Likewise, the first side slotted
filter screen 204c and the second side slotted filter
screen 208c are preferably identical, but in an opposite
orientation.

[00105] 7The illustrated first side drive wheel 202c and
the second side drive wheel 210c¢ each include an outer rim
212¢, a plurality of spokes 214c and an inner rim 216c.

The outer rim 212¢ and the inner rim 216c are substantially
circular. The slotted screens 204c and 308c extend between
the inner rim 216c and the ocuter rim 212c¢ and are supported
on a rear side by the plurality of spokes 214c. The
plurality of spokes 214c also connect the outer rim 212c¢ to

the inner rim 216c.
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[00106] In the illustrated example, the center seal 76a
includes a C-shaped charging plate 500 along the inner face
of the center seal 76a. The C-shaped charging plate 500 is
configured to be connected to a volt power supply {(e.g., at
48 wvolts) (e.g., DC, AC or three-phase) to provide a charge
to the C-shaped charging plate 500. The charge on the C-
shaped charging plate 500 applies a positive charge to the
mass forced through the liquid extraction assembly and a
negative charge on the rotating screens, thereby drawing
the mass towards the rotating screens to improve the
extraction rate of the ligquid from the mass. As
illustrated in FIG. 30, the liquid extraction press 11
could include a negative contact pin 501 at a first edge of
the C-shaped charging plate 500 and a positive contact pin
503 at a second edge of the C-shaped charging plate 500 to
create the charge across the C-shaped charging plate 500.
[00107] The reference number 10d (FIGS. 31-33B) generally
designates another embodiment of the present invention,
having a fourth embodiment for the system for extracting
liguid from a mass. Since the system 10d is similar to the
previously described system 10c¢, similar parts appearing in
FIGS. 22-29 and FIGS. 31-33B, respectively, are represented
by the same, corresponding reference number, except for the
suffix “d” in the numerals of the latter. In the fourth
embodiment of the system 10d, the liquid extraction presses
11d includes an inner housing 46d with an outer wall 550
and an outer housing 48d with an outer wall 552. The outer
walls 500, 552 of the inner housing 46d and the outer
housing 48d each include an inwardly facing groove 554 with
a seal 556 therein. The seals 556 are configured to abut
an outer edge 558 of the rotating screens 200d, thereby
sealing the mass travel passages through the liquid
extraction press 1lld. As illustrated in FIGS. 31, 32 and

33B, the seal 556 includes a wedge-shaped cross—-section
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with an outer side 560, a top side 562, a bottom side 564
and an angled abutment side 566. The angled abutment side
566 abuts against the outer edge 558 of the rotating
screens 200d along all or a substantial portion of the
outer edge 558. The seals 556 can be made of any sealing
material. For example, the seals 556 can be made of
Robatec—-SA {a vulcanized Rubber Graphite based compound
having a hardness of 75 Shore D and a specific gravity of
approx. 1.b).

[o0108] In the illustrated embodiment, porticons of the
seals 556 can be forced into engagement or allowed to move
away from the outer edge 558 of the rotating screens 200d
via at least one pressing device 570 that abuts against the
outer side 560 of the seal 556. The pressing device 570
can comprise a plurality of screws 572 (e.g., Allen set
screws) located in a hole 580 in the outer walls 550, 552
that are accessible from the outside of the housing and
that press against the outer side 560 of the seal 556 at
several points on the circumference of the seal 556. The
pressing devices 570 can be selectively actuated to force
the outer side 560 of the seal 556 inward, thereby forcing
the angled abutment side 566 of the seals 556 into
engagement with the outer edge 558 of the rotating screens
200d. Alternatively, the pressing devices 570 can be
selectively actuated to allow the outer side 560 of the
seal 556 to move outward, thereby allow the angled abutment
side 566 of the seals 556 to move away from the outer edge
558 of the rotating screens 200d. With a plurality of
pressing devices 570, the mass travel passages of the
liquid extractiocon presses 11ld can be securely sealed. It
is contemplated that a band 580 can be positioned between
the pressing device 570 and the seal 556 as illustrated in
FIG. 32. However, such a band 580 is not required and the

pressing devices 570 can directly abut the seal 556. It is
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further contemplated that other pressing devices 570 could
be employed {e.g., linear actuators). It is noted that any
number of the pressing devices 570 can be actuated to form
a tighter seal along any portion of the seal 556 at
different areas of the circumference of the seal 556.
[00109] FIG. 32A illustrates an alternative to the
embodiment illustrated in FIGS. 31, 32, 33A and 33B,
wherein instead of having a band 580 being pressed against
the seal 556 by a plurality of pressing devices 570, a
circular inflatable tube 581 having at least one inlet tube
583 presses against the seal 556. The inflatable tube 581
is inflated with air through the at least one inlet tube
583 to press against the seal 556.

[00110] The reference number 10e (FIGS. 34-37} generally
designates ancother embodiment of the present invention,
having a fifth embodiment for the system for extracting
ligquid from a mass. Since the system 10e is similar to the
previously described system 10c¢, similar parts appearing in
FIGS. 22-29 and FIGS. 324-37, respectively, are represented
by the same, corresponding reference number, except for the
suifix “e” in the numerals of the latter. In the fifth
embodiment of the system 10e, the liquid extraction press
lle includes a divided side wall 72e. The divided side
wall 72e includes a center portion 600 configured to
interact with the air bellows 132e via a pressing bar 602.
As the air bellows 132e is actuated, the pressing bar 602
presses against the center portion 600 to rotate the center
portion 600 along a hinge 604 tTo constrict the cutlet of
the liquid extraction press lle as discussed above. The
pressing bar 602 will also press against a top portion 610
and a bottom portion 612 of the divided side wall 72e via a
biasing member 615 (e.qg., a rubber cylinder). It has been
noted that the mass traveling though the ocutlet travels

faster in the center area of the outlet than at the top and
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bottom of the outlet. The divided side wall 72e allows the
center area of the outlet to be more constricted that the
top and bottom of the outlet, such that the mass leaving
the liquid extraction press lle leaves at the same speed at
the top, center and bottom. The biasing member 615 is
configured to be compressed by the mass exiting the outlet,
thereby allowing the top portion 610 and the bottom portion
612 to rotate about the hinge 604, thereby allowing the
mass to exit the liquid extraction press 1le all at
substantially the same speed (since the center is
constricted more than the top and bettom, the speed of the
mass will even out along a vertical direction).

[00111] The reference number 10f (FIGS. 38-52) generally
desilgnates another embodiment of the present invention,
having a sixth embodiment for the system for extracting
liguid from a mass. Since the system 10f 1s similar to the
previously described system 10, similar parts appearing in
FIGS. 1-37 and FIGS. 38-52, respectively, are represented
by the same, corresponding reference number, except for the
suffix “f£” in the numerals of the latter instead of no
alphabetical suffix or ancther letter suffix. In the
sixth embodiment of the system 10f, the liguid extraction
presses 11f and everything therein is orientated upside-—
down (as in the second embodiment of the system 10b), such
that the inlet to the liquid extraction press 11f is
located below the outlet of the ligquid extraclion press 11C
and the mass will move upwardly through the liquid
extraction press 11f. However, the filtrate drain 62f will
continue to be located at a bottom of the liquid extraction
presses 11f, such that liquid will continue to be able to
be drained out o¢f the liquid extraction presses 11f.
Furthermore, the liquid extraction press 11f will have a
slightly different configuration as discussed below

{although the liquid extraction press 11f will continue to
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function the same as the liguid extraction press 11b). It
is noted that FIG. 38 is a partial drawing of the system
10f only showing the liquid extraction assembly 40f and the
motor assembly 44f, with the remaining elements (the
platform, the system mass input, the polymer feeding and
blending system, most of the piping, etc.) of the system
10f being identical to the elements of the system 10 as
described above.

[00112] In the illustrated example, the system 10f
includes an outer housing shell 46f and an inner housing
shell 48f surrounding seals 581 (see FIGS. 41A-R), a rotary
screen assembly 200f and a center seal 76f. The system 10f
includes at least one of the following four features: (1)
an inlet 200 for inflating the tube 581 as discussed above
in regard to FIG. 32A (FIGS. 38-41B):; (2) a two-part center
seal 76f with a rotating top end 1000 (FIGS. 42-45); (3) a
rotating center hub/spacer 206f with a scraper groove 2000
(FIGS. 46-47B); and (4) an inlet nozzle 3000 (FIGS. 48-52).,
[00113] The illustrated inlet 900 for inflating the
inflatable tube 581 as discussed above in regard to FIG.
32A (FIGS. 38-41B) is connected to a pair of the inlet
tubes 583 as illustrated in FIGS. 38-40. A source of air
{or other gas) under pressure is configured to be connected
to the inlet 900 to provide air (or other gas} under
pressure to the inflatable tube 581 to inflate the
inflatable tube 581. The inlet 900 can also be used as an
outlet to release the air {or other gas) under pressure
from the inflatable tube 581 via the inlet tubes 583.
[00114] In the illustrated example, the two-part center
seal 76f with the rotating top end 1000 (FIGS. 42-45) is
positioned between the inner housing assembly 48f and the
outer housing assembly 46f and defines an upper and lower
boundary of the mass traveling through one of the liquid

extraction presses 11f. The center seal 76f also defines a

37



CA 02941386 2016-08-31

WO 2015/157226 PCT/US2015/024634

portion of the inlet and the outlet for the sludge through
the ligquid extraction press 11f. The center seal 76f
includes an outer C-shaped portion 82f, a scraper portion
84f and an inlet extensicn 1002. The outer C-shaped
portion 82f comprises a main static section 1004 and the
rotating top end 1000. The main static section 1004 can be
made in two parts for easy shipping by including a puzzle
piece type connection 1005 for connecting the two parts
together (see FIG. 42). A top end of the main static
section 1004 includes a rounded edge surface 1006. The
rotating top end 1000 includes a rounded end 1008
configured to engage with the rounded edge surface 1006 of
the main static section 1004 and an inverted T-shaped end
1010. As illustrated in FIG. 42, the rounded end 1008 of
the rotating top end 1000 pivots about a pivot point 1012
(via a pin 1014 extending through the inner housing
assembly 48f, the outer housing assembly 46f and the pivot
point 1012 of the rounded end 1008). Furthermore, as also
illustrated in FIG. 42, the rotating top end 1000 is used
to constrict the cutlet by using an actuator 1015 connected
the inverted T-shaped end 1010 of the rotating top end
1000. The liquid extraction press 11f can include an
abutment plate 1050 for preventing upward movement of the
rotating top end 1000 (see FIGS. 38, 39, 43 and 45). While
only the rotating top end 1000 is used to constrict the
outlet in the illustrated example, it is contemplated that
the side wall of the outlet can be used to constrict the
outlet as discussed above. The scraper portion 84f is
substantially similar to the scraper portion 84 discussed
above.

[00118] As illustrated in FIGS. 42, 46 and 48, a plurality
of scrapers 140f extend from the main static section 1004
of the outer C-shaped portion 82f of the center seal 76f.
The scrapers 140f extend along the entire height: of the
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path of the mass and extend into the rotating center
hub/spacer 206f. The rotating center hub/spacer 206L
includes a pair of scraper grooves 2000 on a periphery
thereof for accommodating the ends 2002 of the scrapers
140f to allow the scrapers 140f to extend along the entire
height of the path of the mass.

[00116] As illustrated in FIGS. 38, 38 and 48 the inlet to
the liquid extraction press 11f includes an inlet nozzle
3000 for forcing the mass into the liquid extraction press
11f., The inlet nozzle 3000 includes a kase plate 3002 and
a nozzle housing 3004 extending from the base plate 3002.
The nozzle housing 3004 comprises a first side wall 3008, a
second side wall 3010, a top wall 3012 and a bottom wall
3014. The nozzle housing 3004 alsc includes an entrance
3016 in the base plate 3002 and an exit 3018. The entrance
3016 is larger than the exit 3018, thereby forming the
nozzle. FIG. 48 illustrates a first configuration of the
inlet nozzle 3000, FIG. 49 illustrates a second
configuration of the inlet nozzle 3000, and FIGS. 50-52
illustrate a fourth configuration of the inlet nozzle 3000.
In all of the configurations of the inlet nozzle 3000, the
mass exits the inlet nozzle 3000 is a direction
substantially parallel to a tangent to the path of the mass
through the liguid extraction press 11f., As illustrated in
FIGS. 49-52, the inlet nozzle 3000 can include slots 3020
in the first side wall 3008 and/or the second side wall
3010 to allow the first side wall 3008 and/or the second
side wall 3010 to flex to relive pressure in the nozzle
housing 3004. As illustrated in FIG. 38, the bhase plate
3002 is connected to the inner housing assembly 48f and the
outer housing assembly 46f to connect the inlet nozzle 3000
to the ligquid extraction press 11f.

[00117}] The reference number 10g (FIGS. 53-54) generally

designates another embodiment of the present invention,
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having a seventh embodiment for the system for extracting
liguid from a mass. Since the system 10g is similar to the
previously described system 10f, similar parts appearing in
FIGS. 38-52 and FIGS. 53-54, respectively, are represented
by the same, corresponding reference number, except for the
suffix “g” in the numerals of the latter instead of the
suffix “f.” In the seventh embodiment of the system 10g,
the liquid extraction press 11lg includes an auger assembly
4000 connected to the housing 42g. The auger assembly
4000 includes an auger 4008 extending into the path of the
mass through the liguid extraction press 1lg. The auger
4008 rotates and moves the mass within the pass for mixing
the mass for improved extraction of the liguid from the
mass. For the liquid extraction presses described above,
the mass adjacent the screen will have the highest
percentage of liquid removed therefrom, The auger 4008 of
the seventh embodiment of the system 10g mixes the mass
after it has moved partially through the path in order to
move to provide improved uniformity of mass to allow more
liquid to pass through the slotted screens 208g (and 204,
not shown in FIG. 53). In the seventh embodiment of the
syvstem 10g, the slotted screens can include holes of any
shape or elongalted slots (straight, curved and/or
interrupted) .

[00118] In the illustrated example, the auger assembly
4000 includes a motor housing 4002, a transfer housing
4004, a pair of connection brackets 4006 and the auger
4008. The motor housing 4002 holds a motor therein having
a rotary output (not shown). The motor in the motor
housing 4002 can be powered in any manner (e.g., an AC
motor). The rotary output from the motor of the motor
housing 4002 extends into the transfer housing 4004. The
transfer housing 4004 provides a right angle gear to

transmit the rotary motion from the motor in the motor
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housing 4002 to the auger 4008. While the transfer housing
4004 is shown as transmitting the motion to the auger 4008
in a right angle, it is contemplated that the auger
assembly 4000 could be used without the transfer housing
4004 or the ocutput from the motor could be co-linear with
the auger 4008 such that the rotary output from the motor
of the motor housing 4002 passes through the transfer
housing 4004. The palr of the connection brackets 4006
extend from a face 4010 of the transfer housing 4004 facing
the housing 42g. As illustrated in FIGS. 53 and 54, the
connection brackets 4006 are parallel plates 4012 having
central openings 4014 therein. An edge 4016 of the plates
4012 opposite the face 4010 of the transfer housing 4004
are curved and a plurality of openings 4018 are adjacent
the edge 4016. The auger assembly 4000 is connected to the
housing 42g by extending the auger 4008 through the center
seal 76g and positioning the connection brackets 4006 over
the flange 56g of the outer housing shell 46g and the
flange of the inner housing shell (not shown in FIG. 53)
and aligning the openings 4018 in the plates 4012 of the
connection brackets 4006 with the openings 74 in the
flanges 56 such that the fasteners extending through the
flanges 56 will also hold the connection brackets 4006 and
the auger assembly 4000.

[00119] ‘The illustrated auger 4008 of the auger assembly
4000 exltends into the path to mix the mass in the path.
The auger 4008 includes a cylindrical first portion 4020
and a finned second portion 4022. The cylindrical first
portion 4020 extends from the transfer housing 4004 and
through the center seal 76g. The finned second portion
4022 includes a cylindrical shaft 4024 and a helical fin
4026 extending radially from the cylindrical shaft 4024.
It is contemplated that the helical fin 4026 could have a

consistent shape (as shown) or the windings could closer
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towards the end of the auger 4008. An end surface 4028 of
the helical fin 4026 away from the cylindrical shaft 4024
can be spaced from the slotted screens 208g (and 204) or
can abut against the slotted screens 208g (and 204) to help
move solid material away from the slotted screens 208g (and
204). It is contemplated that the end surface 4028 of the
helical fin 4026 can be formed of a rigid material (e.g.,
metal or polymer) or could be flexible (e.g., rubber). It
is also contemplated that the outer diameter of the helical
fin 4026 could vary along a length of the auger 4008. It
is contemplated that the auger 4008 could have other shapes
{e.qg., a corkscrew shape). Furthermore, while the auger
1008 is illustrated as being substantially parallel with
the top of the scraper portion B4g, il is contemplalted that
the auger 4008 could be positioned at any angle within the
path and along any distance within the path. Moreover, it
is contemplated that the auger 4008 could enter the path at
any position and that multiple auger assemblies 4000 could
be used. It is contemplated that the auger 4008 could
increase the pressure of the mass in the path adjacent the
outlet because of the size of the auger 4008 (which would
make the cross—-sectional area of the path at the auger
smaller} and/or because of the auger 4008 itself can cause
compression of the mass {(e.g., by using an auger with 4008
a fin that has smaller distances between each ring of fin
moving towards a distal end of the auger 4008).

[00120] The reference number 10h (FIGS. 55-61) generally
designates another embodiment of the present invention,
having an elght embodiment for the system for extracting
liguid from a mass. Since the system 10h is similar to the
previously described system 10g, similar parts appearing in
FIGS. 53-54 and FIGS. 55-61, respectively, are represented
by the same, corresponding reference number, except for the

suffix “h” in the numerals of the latter instead of the
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suffix “g” or no suffix. The eight embodiment of the
system 10h is identical to the seventh embodiment of the
system 10g, except for a slightly different auger 4008h and
center seal 76h.

[00121] The illustrated auger 4008h of the auger assembly
4000h extends into the path to mix the mass in the path.
The auger 4008h includes a cylindrical first portion 4020h
and a finned second portion 4022h. The finned second
portion 4022h includes a cylindrical shaft 4024h and a
helical fin 4026h extending radially from a cylindrical
shaft 4024h of the cylindrical first portion 4020h. The
helical fin 4026h has a first section 5000 wherein first
windings 5002 of the helical f£fin 4026h have a wider spacing
{that is, a wider pitch}) and a second section 5004 closer
towards the end of the auger 4008h wherein second windings
5006 of the helical fin 4026h have a shorter spacing {that
is, a shorter pitch). An end surface 4028h of the helical
fin 4026h away from the cylindrical shaft 4024h abuts the
slotted screens 208h (and 204) to help move solid material
away from the slotted screens 208h {(and 204).

[00122] In the illustrated example, the center seal 76h
includes a channel 5010 {see FIGS. 56-58) adjacent a top of
the auger 4008h for accepting the top of the auger 4008h
therein. The center seal 76h includes a left side portion
5012 (FIG. 59), a center portion 5014 (FiG. 60), a right
side portion 5016 (mirror image of FIG. 59) and a center
extension portion 5018 (FIG., 61). The center seal 76h is
located between the opposite pair of slotted screens 204
and 208h. The center seal 76h is C-shaped and includes an
inlet 5020 above an end of the center portion 5014, below
the center extensio portion 5018 and between the left side
portion 5012 and the right side portion 5016. The center
seal 76h defines an cutlet 5022 at the opening of the C-

shaped area.
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[00123] It is to be understood that wvariations and
modifications can be made on the aforementioned structure
without departing from the concepts of the present
invention, and further it is to be understood that such
concepts are intended to be covered herein unless expressly
stated otherwise. For example, the C-shaped charging plate
500, the seal 556 and the divided side wall 72e could be
used in any of the liquid extraction assemblies described
herein to improve the extraction rate of the liquid from
the mass. Furthermore, the third embodiment of liquid
extraction press 1lc could be right-side up with the outlet
below the inlet. Additionally, it is contemplated that any
stirring arm could be used instead of an auger or in
additional to an auger to have the same effect on the mass
travelling through the path. Moreover, it is to be
understood that such concepts are intended to be covered by
the fellowing claims unless these claims by their language

expressly state otherwise.
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Claims

1. A liquid extraction assembly for extracting liquid from a
mass comprising:

a housing having an inlet and an outlet;

the housing further including a path between the inlet
and the outlet;

the housing being configured to have the mass forced into
the inlet to move the mass from the inlet to the outlet;

the housing including a pair of rotating screens adjacent
the path, the path being defined in an area between the
rotating screens;

each of the rotating screens including a plurality of
openings located at the path;

wherein pressure from mass forced into the inlet presses
the mass against the openings of the rotating screens to
thereby force at least a portion of liquid‘in the mass to pass
through the openings of the rotating screens;

the housing having at least one stirring arm extending
into the path between the inlet and the outlet, the at least
one stirring arm stirring the mass in the path; and

wherein at least a majority of the at least one stirring

arm is located in the path between the rotating screens,

2. The liquid extraction assembly of claim 1, wherein:

the inlet is located below the outlet.
3. The liquid extraction assembly of claim 1, wherein:
the at least one stirring arm is an auger comprising a

cylinder and a helical fin extending radially from the

cylinder.
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4. The liquid extraction assembly of claim 3, wherein:
a screen axis of rotation of the rotating screens is
substantially perpendicular to an auger axis of rotation of

the auger.

5. The liquid extraction assembly of claim 3, wherein:

the helical fin has a constant pitch.

6. The liquid extraction assembly of claim 3, wherein:

the helical fin has a variable pitch.

7. The liquid extraction assembly of claim 3, wherein:
the helical fin abuts against at least one of the

rotating screens.

8. The liquid extraction assembly of claim 3, wherein:

a center seal surrounds at least a portion of a perimeter
of the path; and

the center seal includes an annular groove for accepting

a portion of the helical fin therein.

9. The liquid extraction assembly of claim 8, wherein:

the helical fin abuts against the annular groove.

10. A method of extracting liquid from a mass comprising:
providing a housing having an inlet and an outlet;
providing a path between the inlet and the outlet;
forcing mass into the inlet of the housing to move the

mass from the inlet to the outlet;
providing the housing with a pair of rotating screens

adjacent the path, with the path being defined in an area
between the rotating screens, and with each of the rotating

screens including a plurality of openings located at the path;
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rotating each of the rotating screens;

pressing the mass against the openings of the rotating
screens to thereby force at least a portion of liquid in the
mass to pass through the openings of the rotating screens;

extending at least one stirring arm into the path between
the inlet and the outlet; and

stirring the mass in the path with the at least one
stirring arm; and

wherein at least a majority of the at least one stirring

arm is located in the path between the rotating screens.

11. The method of c¢laim 10, further including:
locating the inlet below the outlet.

12. The method of claim 10, wherein:
the at least one stirring arm is an auger comprising a
cylinder and a helical fin extending radially from the

cylinder.

13. The method of claim 12, wherein:
a screen axis of rotation of the rotating screens is
substantially perpendicular to an auger axis of rotation of

the auger.

14. The method of claim 12, wherein:

the helical fin has a constant pitch.

15. The method of claim 12, wherein:

the helical fin has a variable pitch.

16. The method of claim 12, further including:
abutting the helical fin against at least one of the

rotating screens.
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17. The method of claim 12, further including:

surrounding at least a portion of a perimeter of the path
with a center seal; and

accepting a portion of the helical fin within an annular

groove in the center seal.

18. The method of claim 17, further including:

abutting the helical fin against the annular groove.

19. The liquid extraction assembly of claim 1, wherein:
the at least one stirring arm has an axis of rotation
substantially perpendicular to an axis of rotation of the

rotating screens.

20. The method of claim 10, wherein:
the at least one stirring arm has an axis of rotation
substantially perpendicular to an axis of rotation of the

rotating screens.

21. The liquid extraction assembly of claim 1, wherein:
the at least one stirring arm does not extend through the

outlet.
22. The method of claim 10, wherein:
the at least one stirring arm does not extend through the
outlet.
23. The liquid extraction assembly of claim 1, wherein:

the at least one stirring arm extends through an outer

wall of the path located between the inlet and the outlet.
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24, The method of claim 10, wherein:
the at least one stirring arm extends through an outer

wall of the path located between the inlet and the outlet.
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